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This special project is metal corrosion using Michelson interferometry. The method

Evaluation of Metal Corrosion Using Michelson Interferometer
Miss Donyawan Jittinun

Miss Watcharee Promlek

Bachelor of Science

Physics

2013

Mr.Surachart Kamoldilok

ABSTRACT

II

consists of the system of interference light by Michelson interferometer configuration and metal

corrosion system. Helium-Neon laser at wavelength of 632.8 nanometers can be used as light

source. The samples were set at the arm of Michelson interferometer, then metal corroded by

hydrochloric acid, that effect to the number of fringe. The depth of metal corrosion can be

investigated by the effect change of number of fringe.

Keywords : corrosion, Michelson interferometer
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Abstract

This work presents the performance of a simple Michelson interferometric configuration, allowing monitoring and evaluation of
corrosion and oxide layer growth in aluminium during aqueous corrosion processes in a distilled water solution, without any physical
contact with the sample. This alternative experimental arrangement introduces a simpler alignment compared with a preliminary
proposal [Habib K. In situ measurement of oxide film growth on aluminium samples by holographic interferometry. Corrosion Sci 2001;
43, 449-55], and the obtained interferograms offer a qualitative and possibly quantitative evaluation of an important physical parameter
related to the corrosion process kinetics. Interferograms were obtained as a function of time to register changes related to the corrosion
dynamics and oxide growth process. Experimental results correlate with the well-known corrosion process taking place over the

aluminium sample under these experimental conditions.
© 2006 Elsevier Ltd. All rights reserved.

Keywords: Optical monitoring; Interferometry; Corrosion

1. Introduction

Corrosion process is in fact, the general cause of
alteration and/or destruction of most of the metallic
materials and structures used by men through the action
of an electrochemical phenomenon. Electrochemical corro-
sion is a spontaneous process denoting the existence of an
anodic area (where corrosion takes action), a cathodic area
and an electrolyte, being both anodic and cathodic areas in
electrical contact [1]. The presence of these elements is
essential for the existence of corrosion, as a result of the
formation of several anodic and cathodic areas over the
metallic surface.

2. Corrosion measurement

Of particular practical interest is the estimation of the
resistance of any particular metal or alloy to corrosion
under a specific environment. Through laboratory tests, it

*Corresponding author. Tel./fax: + 5217773297084,
E-mail address: darwin@uaem.mx (D. Mayorga-Cruz).

0143-8166/% - see front matter © 2006 Elsevier Ltd. All rights reserved.
doi:10.1016/j.optlaseng.2006.02.001

is possible to set basic physical conditions in order to study
and monitor the performance of several metals in such
environments.

Corrosion monitoring may be defined as the systematic
measurement of the corrosion or degradation of an item of
equipment, with the objective of assisting in the under-
standing of the corrosion process and/or obtaining
information to use in controlling corrosion and its
consequences, and in the interrelation between corrosion
processes and operational variables.

Traditionally, the evaluation of the corrosion rate in a
metal is carried out by its weight-loss measurement; this
method consists in determining how much of the physical
weight of metal is lost when immersed in a corrosive
solution after a certain period of time. On the other hand,
and due to the evidently electrochemical nature of
corrosion processes (specially at normal temperature below
100°C), modern electrochemical methods have been
developed to investigate metallic corrosion, and conse-
quently to measure corrosion kinetics [1]. However under
these circumstances, it is necessary to make direct physical
contact with the metallic sample under investigation and
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sometimes this is not possible or adequate. This apparently
insignificant detail becomes extremely important when it is
necessary to carry out measurements of corrosion in situ,
such as industrial environments and under very different
physical conditions as compared to laboratory conditions.

For this reason it is important to investigate and develop
other alternatives to traditional intrusive methods for
metallic corrosion evaluation, like optical non-destructive
technologies. One of the most well-known optical techni-
ques due to its capabilities for applications in metrology is
holographic interferometry. Such method allows detection
and measuring of microscopic changes over metallic
surfaces below the micron range [2]. The technique is
widely accepted because it is a non-destructive one, and can
detect surface alterations in the order of 4/2, being A the
used laser source wavelength.

Previously, Habib has developed holographic interfero-
metric-based methods for stress-assisted electrochemical
corrosion behaviour monitoring, as stress fracture corro-
sion or fatigue corrosion among others using a basic
experimental set-up [3]. A mathematical model describing
cathodic deposition and anodic dissolution in metals by
holographic interferometry was proposed [4,5]. Addition-
ally, the technique has been used to develop a corrosion
optical transducer, applied as an example in metallic alloy
corrosion processes when immersed in aqueous solutions
and its control using organic protective coatings, without
any physical contact [6,7]. These are examples of the
potentiality of interferometry-based techniques in electro-
chemical fields which can be continually developed.

In this work a simpler experimental set-up is proposed
obtaining good results as compared to more cumbersome
arrangements previously reported by Habib [1-5].

3. Michelson interferometry for corrosion

Let us consider an arbitrary point P on a metallic surface
before it is exposed to a corrosive solution. After
immersion in the presence of an anodic reaction, the
point is displaced to a secondary point P’ (Fig. 1). This
scheme is based on the typical Michelson Interferometer
set-up, and is applied here for corrosion measurements. In
order to measure the thickness of the metal layer lost or
oxide growth during the reaction, and considering an
orthogonal movement of point P, we can obtain according
to Fig. 1:

OP-= PO =10,

PP' = P'P = U = orthogonal displacement.

Consequently, the optical path length difference 4
between both beams coming from P and P’ points is

A=(0P+PF+PP+P0)—(0P+PO),
A=(D1+U+U+D1)*(D|+D])=2D1+2U—2D1,

A=2U. (D

P

=

| |
Surface before anodic reaction g
1

I

1

|

1

1

1

1

v

Surface after anodic reaction

>
P

Fig. 1. Displacement of point P on an unreacted surface to point P after
the anodic disselution reaction.

Now, for the observation of maximum intensity values
of the interference fringe patterns formed, the phase
difference d between two reflected beams must be equal
to 2r integer multiples. Then if we consider by simplicity
that both beams before and after the anodic reaction travel
across an aqueous media, with the refraction index
remaining almost constant during the process, and also
with normal illumination on both planes, such a phase
difference can be written as

2U 2%
TR 2
where 4 is the wavelength of the laser source and N is the
number of fringes passing through P, defined as

0=2nN =

42U
N =565 @)

Directly from (2) and (3), an approximated expression
can be obtained for the orthogonal displacement of point P
in terms of N

NA
U= @

and this is related to the metallic layer lost or oxide growth
during the anodic reaction.

A comparison between the theoretical model presented
by Habib in Ref. [5] and Eq. (4), suggests a correlation
between them, if we consider normal illumination for a
holographic interferometry set-up [5].

4. Experimental set-up

The metallic samples used in the experiments reported
here are made of 20 x 20 x 1.5 mm commercial aluminium
(99.9%) slabs, encapsulated into MC-40 commercial epoxy
resin. Once the slab is encapsulated, the 400 mm? exposed
area is manually polished with emery paper (1000 SiC
grit) to obtain mirror-like brightness, enough to allow
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Fig. 2. Experimental set-up for corrosion monitoring by Michelson interferometry.

semi-specular reflection for visible light. The simpler
experimental set-up consists of a Michelson interferometer
(Fig. 2); a beam coming from a He-Ne laser with a
P =T75mW output power and 4 = 632.8 nm wavelength,
amplified to an approximated 10 mm diameter, by combin-
ing a 40 x microscope objective and a biconvex lens with a
focal distance f = 50 mm. A 50/50 beam splitter separates
the incoming light into two components, and as one of
these beams is directed to a plane mirror in one of the
interferometer arms, the other goes to a 10x 10 x 8cm’
electrochemical glass cell set in the other arm. The metallic
sample is fixed into the cell and this is filled with the
aqueous electrolyte. The reference beam reflected from the
mirror and the object beam coming from the reflection of
the sample mutually interfere with each other, passing
through another f = 50mm biconvex lens. The fringe
pattern is obtained adjusting either the mirror or the cell,
focused with another 40 x microscope objective and
projected to a translucent screen; the observed interfero-
grams are acquired with a commercial Web Cam and
recorded into a PC for further analysis.

5. Results

Some of the interferograms, obtained from the sample
immersed in distilled water (H,0,) during specified time
intervals are shown in Fig. 3. Once the electrode is fixed
into the cell, this is filled with the distilled water solution
and the system is left some time to settle down, until the
system is ready to mutually line up the beams to obtain the
intensity interference pattern projected on the screen. After
the appearance of the first interferograms, it can be
appreciated how new maximum intensity fringes are added
as time goes. This result suggests that by examining the
evolution in the number of maximum fringes of intensity
appearing in the visual field (Fig. 3), an approximate
measure of the oxide layers growth through the electro-
chemical process is obtained, according to [8]:

2Al+ 3H;0 = ALO; + 6H* + 6e~. (5)

Fig. 4 shows the evolution of the observed maxi-
mum intensity fringes, and the oxide layer growth obtained
through Eq. (4) as a function of time. A good correlation
was obtained between both parameters showing a
logarithmic growth; in fact this is the theoretical depen-
dence obtained by fitting the oxide growth data using
numerical methods (dashed line). This result is consistent
with the well-known logarithmic oxidation growth ob-
served for thin oxide layers at low temperatures, according
to

W = ko log(C + 4), (6)

where W is the oxide layer growth and k¢, C; and A4 are
constants. Aluminium and other metals corrode in this way
at ambient or slightly elevated temperatures. The exact
mechanism is not well understood, but it is generally
agreed that logarithmic oxidation results from the effect of
electric fields within very thin oxide layers in assisting ionic
transport across the corrosion products [9].

The calculated oxide growth through Eq. (4) is in
the same order of magnitude, reported in the literature
for similar experimental conditions. For a similar period
of time, the film thickness obtained was in the order of
4-7 um [10].

6. Conclusions

The experimental results presented in this work show the
advantage on using a non-intrusive method which can help
to obtain or complement the interpretation given by
conventional electrochemical measurements of corrosion
rates. Also, it suggests the possibility of investigating
alternative optical methods in order to improve or
complete the obtained optical measurements, like electro-
nic speckle pattern interferometry (ESPI). Lastly, an
improvement of previous reported experimental proposals
[1,6,7] by implementing a Michelson interferometer set-up,
easier to align and control than off-axis holography, was
shown. Additionally, the possibility to research into
optical coherent detection techniques like those based on
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Fig. 3. Interferograms of an aluminum sample immersed into distilled water solution. (a) Without H,04; (b) with H,04; (c) calibrated at the beginning of

testing; (d) after 4h; (e) after 8 h; (f) after 12h; (g) after 24 h; (h) after 52h.

40 T T T = 10

® Maximum intensity fringes|
A Oxide thickness

Maximum intensity fringes
o
kﬁ%‘

Oxide layer growth [um]

T v T T T 1
o] 10 20 30 40 50
Time [hours].

Fig. 4. Maximum intensity fringes and oxide layer growth for an
aluminium sample immersed into distilled water solution (H,0;). The
symbols (dots and triangles) correspond to experimental and calculated
data, respectively. The dashed line is a fit applied to oxide growth data,
exhibiting a logarithmic dependence.

photorefractive holography [11], to carry out corrosion
monitoring processes in metallic samples immersed in
turbid media (i.e. water—oil interfaces), more dispersive and

complex than pure aqueous solutions so far investigated
may be also of great interest.
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® ?@ ¢ Agilent 53131A/132A/181A Counters

- High-performance, low-cost counters simplify and
speed systems and bench frequency measurements

Data Sheet

Recommended replacement products:
53200 Series RF & universal frequency counter/timers
(Data sheet publication number: 5990-6283EN)

= 225 MHz bandwidth A family of universal and

(optional 1.5, 3, 5, or 12.4 GHz) RF counters to meet your needs
Agilent Technologies 53131A/132A/
181A high-performance counters give
you fast, precise frequency measure-
. GPIB interface and IntuiLink ments at an affordable price. These
counters feature an intuitive user

* 10- or 12-digit resolution with
1 s gate time

connectivity software standard ;
interface and one-button access to

+ Data transfer rate of up to 200 fully ~ frequently used functions so you can

formatted measurements/second make accurate measurements quickly
and easily.

-

Fate® . -
~.4 Agilent Technologies
s



Real-time digital signal processing
technology is used to analyze data
while simultaneously taking new read-
ings, speeding measurement through-
put. The technology, developed for
Agilent’s high-end line of modulation
domain analyzers, allows the counters
to gather more data for each measure-
ment, so you get higher-resolution
measurements in a fraction of the time
it takes other counters.

The 53131A/132A/181A counters offer
built-in statistics and math functions
S0 you can scale measurements and
simultaneously measure and track
average, min/max and standard devia-
tion. Automated limit testing lets you
set upper and lower limits for any mea-
surement. An analog display mode lets
you see at a glance whether a mea-
surement is within pass/fail limits. The
counters flag out-of-limit conditions
and can generate an output signal to
trigger external devices when a limit

is exceeded. For quick access to fre-
quently used tests, a single keystroke
recalls up to 20 different stored front-
panel set-ups.

For computer-controlled systems
applications, each counter includes

a standard GPIB interface with full
SCPI-compatible programmability and

a data transfer rate of up to 200 fully
formatted measurements per second.
The standard RS-232 talk-only interface
provides printer support or data trans-
fer to a computer through a terminal-
emulation program.

Agilent 53131A universal counter

The two-channel 53131A counter offers
10 digits per second of frequency/
period resolution and a bandwidth of
225 MHz. Time interval resolution is
specified at 500 ps. An optional third
channel provides frequency measure-
ments up to 3 GHz, 5 GHz, or 12.4 GHz.
Standard measurements include fre-
quency, period, ratio, time interval,
pulse width, rise/fall time, phase
angle, duty cycle, totalize, and peak
voltage.

Agilent 53132A universal counter

For applications requiring higher
resolution, the 53132A offers the same
features and functions as the 53131A,
with up to 12 digits/sec frequency/
period resolution and 150 ps lime
interval resolution. In addition, the
53132A offers advanced arming modes
for time interval measurements.

Agilent 53181A RF counter

Optimized for RF applications, the
single-channel 10 digit/s 53181A
measures frequency, period and peak
voltage. A digit-blanking function lets
you easily eliminate unnecessary digits
when you want to read measurements
quickly. For higher-frequency measure-
ments, choose an optional second
channel that provides measurements
up to 1.6 GHz, 3 GHz, 5 GHz, or 12.4 GHz.
A self-guided shallow menu makes this
counter exceptionally easy to use.



Agilent IntuiLink provides easy access
to the counter’'s data from your PC

The Agilent 53131A/132A/181A
counters, capture precise frequency

and time measurements. Intuilink
software allows that data to be put
to work easily. You work in a familiar
environment at all times, using PC
applications such as Microsoft Excel®
or Word® to analyze, interpret, display,
print, and document the data you get
from the counter.

It gives you the flexibility to configure
and run tests from your PC making
data gathering more convenient.

Time Base

Agilent IntuiLink lets you:

= Configure tests, including measure-
ment type, number of readings,
measurement speed, and more.

» Choose display modes from real-
time strip chart, histogram, readout,
and table mode.

= Scale measurements data.

* Copy captured data to other
programs.

Internal time base stability (see graph 3 for timebase contribution of measurement error)

Optional timebases offer

increased stability

Optional timebases are available

for 53131A/132A/181A counters to
increase measurement accuracy. Option
010 provides a high stability oven
timebase with aging of less than

5 x 10" per day.

1-year warranty

Each counter comes with operating,
programming and service manuals,
Intuilink software, a power cord and
a full 1-year warranty.

Standard Medium oven High oven Ultra high oven
(0° to 50°C) (Option 001) (Option 010) (Option 012 for 53132A only)
Temperature stability (referenced to 25°C) <hx10% <2x107 <25x10° <25x10°
Aging rate Per Day: <4x10% <5x 101 < 1 1070
(after 30 days) Per Month: <3x107 <2x107 <15 x10° <3x10°
Per Year: <2x10%
Turn-on stability vs. time
(in 30 minutes) <2x107 <5x109 <hx10¢

referenced to 2 h

referenced to 24 h

referenced to 24 h

Calibration

Manual adjust Electronic

Electronic

Electronic

Note that power to the time base is maintained when the counter is placed in standby via the front panel switch. The internal fan will continue to operate
when in standby to maintain long-term measurement reliability.



Instrument Inputs

Input specifications

Input characteristics

Channel 1 & 2 (53131A, 53132A)"

Channel 1 & 2 (53131A, 53132A)'

Characteristics

Impedance 50 0

Channel 1 (53181A) Channel 1 (53181A) Coupling AC
Impedance 1 MQ or 50 0 VSWR <251
Frequency range 1M 30 pF
dc coupled  dc to 225 MHz capacitance External arm input specifications®
ac coupled 1 MHz to 225 MHz (50 Q) Coupling ac or dc

30 Hz to 225 MHz (1 MQ)
FM tolerance 25%

Voltage range and sensitivity (Sinusoid)?

dc to 100 MHz 20 mVrms to +5 V ac + dc

Low-pass filter 100 kHz, switchable
-20 dB at > 1 MHz

Input Selectable between Low,

sensitivity Medium, or High (default).
Low is approximately 2x
High Sensitivity.

Signal input range

TTL compatiblo

Timing Restrictions

Pulse width > 50 ns

100 MHz 30 mVrms to £5 V ac + de Transition time < 250 ns
to 200 MHz Trigger slope Positive or negative Start-to-stop time > 50 ns
200 MHz 40 mVrms to £5 V ac + dc
to 225 MHz  (all specified at 75 mVrms Auto trigger level Damage level 10 Vims
with opt. rear connectors)® Range 0 to 100% in 10% steps
Frequency > 100 Hz

Voltage range and sensitivity
(Single-shot pulse)?

45ns to 10 ns 100 mVpp to 10 Vpp

Input amplitude > 100 mVpp
(No amplitude modulation)

Attenuator

External arm input characteristics®
Impedance 1k

Input capacitance 17 pF

pulse width (150 mVpp with optional Start/stop slope Positive or negative

rear connectors)® Voltage range x10
>10 ns 50 mVpp to 10 Vpp Trigger range  x10 -
pulse width (100 mVpp with optional External time base input specifications

rear cigrgetogsly Voltage range 200 mVrms to 10 Vrms

Input Specifications* S
. Damage level 10 Vrms

Srigerievsr Channel 3 (53131A, 53132A) Frequency 1 MHz, 5 MHz and 10 MHz
Range + 5125V Channel 2 (53181A) (53132A 10 MHz only)
Accuracy + (15 mV + 1% of trigger level)

FroaiuloRyahg® Time base output specifications

Resolution 5mV

32:'321%115;\ fffe“ﬂﬂf 5033'?0?“2 Output frequency 10 MHz
Damage level only) additional specs) Voltage > 1 Vpp into 50 Q
50 0 5 Vims Option 030 100 MHz to 3 GHz (centered around 0 V)
0to35kHz 350 Ve + ac pk Dptiun 050 200 MHz to 5 GHz - e
1 M0 i A R 1t ol i
35kHz to 350 Vdc + ac pk linearly separate configurations.

100 kHz, 1 MQ) derated to 5 Vims

Power range and sensitivity (Sinusoid)

i

Values shown are for X1 attenuator setting.

Option 030 100 MHz to 2.7 GHz; Multiply all values by 10 (nominal) when using
>100 kHz, 5Vrms -27 dBm to +19 dBm the X10 attenuator setting.
1MQ 2.7 GHz to 3 GHz: 3. When the 53131A or 53132A are ordered with
-21 dBm to +13 dBm the optional rear terminals (Opt. 060), the channel
1 1 and 2 inputs are active on both front and rear
Option 050 200 MHz to 5 GHz: of the cou‘r]lter. When the 53181A is ordered with
-23 dBm to +13 dBm the optional rear terminal, the channel 1 input is
Option 124 200 MHz to 12.4 GHz active on both front and rear of the counter. For

-23 dBm to +13 dBm

Damage level

=

this condition, specifications indicated for the rear
connections also apply to the front connections.

. When optional additional channels are ordered

with Opt. 060, refer to configuration table for
Opt. 060 under ordering info on page 8. There is

Aot bl s no degradation in specifications for this input,
Option 050 +25 dBm as applicable.
Dption 124 +25 dBm 5. Available for all measurements except peak volts.

4

External arm is referred to as external gate for
S0me measurements.



For automatic or external arming:
(and signals < 100 Hz using timed arming)

. t Frequency
LSD displayed: | —=—|x  or
Gate time period

RMS resolution:
Gate time

\tZ,e + (2 XTrigger errar)’ . Frequency
or
period
o h3131At,,  H3137A 1, AIRIA L,
typical 650 ps 200 ps 650 ps
see graphs for worst case resolution performance
N
Frequency
where N =1 for standard channel frequency < 1 MHz
4 for standard channel frequency > 1 MHz
128 for optional channel

For automatic arming:  Gate time =

; b Frequenc,
Systematic uncertainty: (:t Time base erfor 4 — -8 J -V 4o &

- or
Gate time period
53131A t,,. 53132At,, 53181A t .
Typical 350 ps 100 ps 350 ps
Worst case 1.26 ns 500 ps 1.25 ns
Trigger: Default setting is auto trigger at 50%
For time or digits arming:
24 2 X, b Frequency
LSD displayed: _ e K2 x o
Gate time X \lNumber of samples  Gate time period

RMS resolution ( 4 %\t 25+ (2 XTrigger error?) 4 Viter ]x qugfncy

(see graph 2): | Gate time * ~[Number of samples ~ Gate time
53131A/181A 53132A
res tiilter tres tjiner

Typical 500 ps 50 ps 225 ps 3ps

See graphs for worst case resolution performance

Number of samples = Gate time X Frequency (Frequency < 200 kHz)
Gate time % 200,000 (Frequency > 200 kHz)

’ . Frequenc
Systematic uncertainty: ( + Time base error + _ faee J x 1 4

; or
Gate time period
53131A/181A 53132A
tﬂCC ‘acc
Typical 100 ps 10 ps
Worst case 300 ps 100 ps

Trigger: Default setting is auto trigger at 50%

period




Measurement Specifications

Frequency (53131A, 53132A, 53181A)

Phase (53131A, 53132A)

Peak volts (53131A, 53132A, 53181A)

Channel 1 and 2 (53131A, 53132A)
Channel 1 (53181A)

Measurement is specified over the
full signal range of Channels 1 and 2.

Range 0.1 Hz to 225 MHz

Channel 3 (53131A, 53132A)
Channel 2 (53181A)

Results range -180° to +360°

Duty cycle (53131A, 53132A)

Option 015 100 MHz to 1.5 GHz
(53181A only)

Option 030 100 MHz to 3 GHz
Option 050 200 MHz to 5 GHz
Option 124 200 MHz to 12.4 GHz

(Period 2 or 3 selectable via GPIB only)

Period (53131A, 53132A, 53181A)

Channel 1 and 2 (53131A, 53132A)
Channel 1 (53181A)

Range 444nsto10s

Channel 3 (53131A, 53132A)
Channel 2 (53181A)

Option 015 0.66 ns to 10 ns
(53181A only)

Option 030 0.33 ns to 10 ns
Option 050 0.2nsto 5ns
Option 124 80 psto 5 ns

Frequency ratio (53131A, 53132A, 53181A)

Measurement is specified over the full signal
range of each input.

Results range  10"° to 10"
“Auto” gate time 100 ms

Time interval (53131A, 53132A)

Measurement is specified over the full signal
ranges® of Channels 1 and 2.

Results range -1nsto 10°s

LSD 500 ps (53131A)/150 ps
(53132A)

Measurement is specified over the full

signal range of Channel 1. However, both the
positive and negative pulse widths must be
greater than 4 ns.

Results range 0 to 1 (e.g. 50% duty cycle
would be displayed as .b)

Rise/fall time (53131A, 53132A)

Measurement is specified over the full signal
ranges of Channel 1. The interval between the
end of one edge and start of a similar edge
must be greater than 4 ns.

Edge selection Positive or negative

Trigger Default setting is auto trigger
at 10% and 90%

Results range 5nsto10°s

LSD 500 ps (53131A)/150 ps
(531324)

Pulse width (53131A, 53132A)

Measurement is specified over the full signal
range of Channel 1. The width of the opposing
pulse must be greater than 4 ns.

Pulse selection Positive or negative

Trigger Default setting is auto trigger
at 50%

Results range 5nsto10°s

LSD 500 ps (53131A)/150 ps
(53132A)

Totalize (53131A, 53132A)

Measurement is specified over the
full signal range of Channel 1.

Results range 0to 10"

Resolution + 1 count

Measurement is specified on Channels 1 and 2
for de signals; or for ac signals of frequencies
between 100 Hz and 30 MHz with peak-to-peak
amplitude greater than 100 mV.

Results range -5.1V to +5.1V
10 mV

Resolution

Peak volts systematic uncertainty

for ac signals: 25 mV + 10% of V
for dc signals: 25 mV + 2% of V

Use of the input attenuator multiplies all
voltage specifications (input range, results
range, resolution and systematic uncertainty)
by a nominal factor of 10.

Gate time

Auto mode, or 1 ms to 1000 s

Measurement throughput
GPIB ASCII

200 measurements/s (maximum)

Measurement arming

Start Free run, manual, or external
measurement

Stop Continuous, single, external,
measurement  or timed

Time interval 100 ps to 10 s (53131A)
Delayed 100 ns to 10 s (53132A)
arming

Arming modes

(Note that not all arming modes are available
for every measurement function.)

5. Available for all measurements except peak volts.
External arm is referred to as external gate for some
measurements.

6. See specifications for pulse width and rise/fall time
measurements for additional restrictions on signal
timing characteristics.



Time interval, pulse width, rise/fall time (53131A and 53132A only):

Systematic uncertainty:

RMS resolution: \/ (tres)? + Start trigger error > + Stop trigger error

+ (Time base error x Measurement) Trigger level timing error + 1.5 ns Differential channel error (53131A)
+ (Time base error x Measurement) Trigger level timing error + 900 ps Differential channel error (53132A)
where tes = 750 ps for the 531314, 300 ps for the 53132A

Chi Chi Ch2 Ch3
Chz'Th3’ Th1 Ch1

1

: Ratio 1
LSD: Ratio 5: Ch2 Freq x Gate time

Frequency ratio: — - =~ =~ = (53131A and 53132A)

Ratio

cht, Ch2
Ch2 Chi
2 Ch2 Freq

1" (Ch1 Freq) 2 x Gate time

(53181A)

2% \I 1+ (Ch1 Freq = Ch2 Trigger error)?

RMS Resolution: Rtio%:

Ch2 Freq x Gate time

2% Ch2 Freq x \[1 + (Ch1 Freq % Ch2 Trigger error) 2

o (7
Ratio T

Systematic uncertainty: + 2x resolution

{Ch1 Freq) 2 x Gate time

For measurements using Ch3,
substitute Ch3 for Ch2 in these
equations. To minimize relative
phase measurement error,
connect the higher frequency
signal to channel 1,

Phase (53131A and 53132A)

Systematic uncertainty:

RMS resolution: J ((Tes)* + (2 Trigger error %)) x [“[

Phase
360°

2
] } % Frequency x 360°

( + Trigger level timing error + 1.5 ns Differential channel error) x Frequency % 360° (53131A)
( £ Trigger level timing error + 900 ps Differential channel error) x Frequency x 360° (531324)

Duty cycle (53131A and 53132A)

53132A
300 ps

L B3131A
Tes
750 ps

RMS resolution: "J({T,esjz + (2 Trigger error?)) = (1 + Duty cycle ?) x Frequency

Auto arming: Measurements are initiated
immediately and acquired as fast as possible,
using a minimum number of signal edges.

Timed arming: The duration of the measurement
is internally timed to a user-specified value
(also known as the "gate time").

Digits arming: Measurements are performed
to the requested resolution (number of digits)
through automatic selection of the acquisition
time.

External arming: An edge on the external arm
Input enables the start of each measurement.
Auto arming, timed arming modes or another
edge on the external arm input may be used to
complete the measurement.

Time interval delayed arming: For time interval
measurements, the stop trigger condition is
inhibited for a user-specified time following the
start trigger. The 53132A offers advanced time
interval arming capabilities including use of user
specified time or Channel 2 events to delay both
start and stop triggers.

Measurement limits

Limit checking: The measurement value is
checked against user-specified limits at the
end of each measurement.

Display modes: The measurement result may
be displayed as either the traditional numeric
value or graphically as an asterisk moving
between two vertical bars.

Out-of-limits Indications:

= The limits annunciator will light on the front
panel display.

» The instrument will generate an SRQ if
enabled via GPIB.

The limits hardware signal provided via the
RS-232 connector will go low for the duration
of the out-of-limit condition.

If the analog display mode is enabled, the
asterisk appears outside the vertical bars,
which define the upper and lower limits.



Fractional time base error (see graph 3)
Time base error is the maximum fractional frequency variation of the time base due to aging or
fluctuations in ambient temperature or line voltage:

Af Af
Time base error = ( F Aging rate + F Temperature +$—f Line voltage)

Multiply this quantity by the measurement result to yield the absolute error for that measurement.
Averaging measurements will not reduce (fractional) time base error. The counters exhibit negligible
sensitivity to line voltage; consequently the line voltage term may be ignored.

Trigger error

External source and input amplifier noise may advance or delay the trigger points that define the
beginning and ond of a measuroment. The resulting timing uncertainty is a function of the slow rate
of the signal and the amplitude of spurious noise spikes (relative to the input hysteresis band).

The (rms) trigger error associated with a single trigger point is:

V {Einpur}z o (Esigna!)z

Input signal slew rate at trigger point

Trigger error = (in seconds)

where

Emm = RMS noise of the input amplifier: 1 mVrms (350 uVrms typical). Note that the internal
measurement algorithms significantly reduce the contribution of this term.

Enii™ RMS noise of the input signal over a 225 MHz bandwidth (100 kHz bandwidth when the

low-pass filter is enabled). Note that the filter may substantially degrade the signal’s slew rate at
the input of the trigger comparator.

For two-trigger-point measurements (e.g. rise time, pulse width), the trigger errors will be referred
to independently as start trigger error and stop trigger error.

Trigger level timing error (see graph 6)

Trigger level timing error results from a deviation of the actual trigger level from the specified level.
The magnitude of this error depends on resolution and accuracy of the trigger level circuit, input
amplifier fidelity, input signal slew rate, and width of the input hysteresis band.

The following equations should be summed together to obtain the overall trigger level timing error.
At the "High” sensitivity input setting, the hysteresis band can be assumed to be the sensitivity of
the counter input (see page 2). Reduction of input sensitivity or use of the attenuator will increase the size of this band.
Input hysteresis error: 0.5 x hysteresis band _ 0.5 x hysteresis band

Input signal slew rate at start trigger point Input signal slew rate at stop trigger point

Trigger level setting error: + 15 mV * (1% x start trigger level setting)  + 15 mV + (1% x stop trigger level setting)
Input signal slew rate at start trigger point Input signal slew rate at stop trigger point

Differential channel error

The differential channel error term stated in several systematic uncertainty equations accounts for
channel-to-channel mismatch and internal noise. This error can be substantially reduced by performing
a Tl calibration {accessible via the utility menu) in the temperature environment in which future
measurements will be made.




Graph 1:
Agilent 53131A/181A-Worst case

1E+02

Auto

armed

—
/

A\

RMS resolution’ 1E+00 / /7
(Automatic or external arming) _ /‘//ﬁéé ~_
The graphs may also be used to compute errors 5'1 1E-02
for period measurements. To find the period = /
error (DP), calculate the frequency of the input s / .
signal (F = 1/P) and find the frequency error z 1E-04 / < \
(DF) from the chart. = / / / i
_ & 1E-06 X -
Then calculate the period error as: £ / \ \‘H](] 10ms | Gate
ms time
ap=[2F) x 608 el 5 \1
W i 7 0s | °
1E-10 ——
10 100 1000 10000 1E+05 1E+06 1E+07 1E+08 1E+09 1E+10
Input frequency (Hz)
Graph 2: E+02 - L~
Agilent 53131A/181A—Worst case /
RMS resolution’ " 1~
1E+00 ~
(Time or digits arming) /
E /
;’_ 1E—-04 < AN
g ) L0 ] 10ms | '™
=3 -
£ | "] fx\ 100 ms (ate
1s i
1E-08 he \ Ll
10s
1E-10
10 100 1000 10000 1E+05 1E+06 1E+0Q07 1E+08 1E+09 1E+10
Input frequency (Hz)
Graph 3: 10 kHz o 10 ps
- tandard T.B.
Timebase error 1 kHz 1 year after cal s
100 Hz P N 100 n:
edium T.B.
i 10 Hz ) - 1 year after cal 10 s
S 1 He High stability T.B. Tiis
5 10 years after cal
z 100 mHz 100 p:
£ Standard T.B.
%’.’. 1tz 1 month after cal il
7. Graphs 1, 2, 4 and 5 do not reflect the effects of @ 1 mHz i f 1ps
trigger error. To place an upper bound on the added L High stability T,B.\ | Medium TB.
effect of this error term, determine the frequency 100 uHz 1 year after cal 1 month after cal 100 s
error from the appropriate graph and add a trigger 10 pHz ‘¥\ i f 10fs
error term as follows: 1 Hz ! ™. Ultra stability T.B. 1%
, L | High stability T.B. 1 year after cal
Time or digit arming 100 nHz 1 month after cal 100 s
Fraquancy ertor + 4 xv’z_x Trigger error " Frqufncy 10 nHz . 10 as
Gate time x~ Number of samples period THz  10Hz 100Hz 1kHz  10kHz 100kHz 1MHz 10MHz 100 MHz 1 GHz
Tns  10ns 100ns  1ps M0ps 100ps  1ms 10ms 100ms 1sec

Automatic or external arming

\EMJ g redency

Frequency error + 5
Gate time period

Input signal frequency or time



Graph 4: 1E+02 / ~ -
Agilent 53132A—Worst case Auto|armed +— / / /
RMS resolution’ 1E+00 / / ,/ // ,/
(Automatic or external arming) / 4(///
= /| 1 T 7
= 1E-02 - - - >~
: P LA
P A )Y
] 1ms
= 1E-06 ] < B
/ / /)\ 100 ms| 10ms | Gate
/ / ‘\‘\ 15 time
1E-08 P >
/ ~ 10s
1E-10
10 100 1000 10000 1E+05 1E+06 1E+07 1E+08 1E+09 1E+10
Input frequency (Hz)
Graph 5: E+02 =
Agilent 53132A-Worst case 1ms / /
tond e P / "
RMS resolution 1E+00 ~ L ~ -
(Time or digits arming) =l L~ / -~
£ 60 e // — 11
8
& E_ 04 ,_-—‘/ ‘5</4///
=
]
S 1E-06 A\ et -
E / 10 ms Gate
ST & 100 ms time
//\\ I 18
1E=10 10
10 100 1000 10000 1E+05 1E+06 1E+07 1E+08 1E+09 1E+10
Input frequency (Hz)
Graph 6: 100 ps T
Trigger level timing error A W5 I‘[Jle rep. rate
(Level setting error and 10 ps

I
|, 100 to 200 MHz rep. rate
: |

dc to 100 MHz rep. rate

100 ns \Q

10 ns

input hysteresis)

1 s

Pulse and T.I. at 5 V trigger point
1ns | |

Pulse and T.I. at 2.5 V trigger point
100 ps | | |

7. Graphs 1, 2, 4 and 5 do not reflect the effects of
trigger error. To place an upper bound on the added
effect of this error term, determine the frequency
error from the appropriate graph and add a trigger

1

error term as follows:
Pulse and T.I. at 0V trigger point

/ < ] "
Time or digit arming 10 ps ] | ] %

] 4 "\12_" Trigger error 3 Frequency
Frequency erfor (sm Tt ,ﬂmmbmm”ﬁm) 8 1V/ms  10mV/us 100 mV/ps 1 V/ps 10mV/ns 100 mV/ns  1V/ns 10 mV/ps

Trigger error per trigger point

Input signal slew rate at trigger point

Automatic or external arming

i e Frequenc
Frequency error + V2 x Trigger errar | an ¥
Gate time petiod 0




Measurement
Statistics

Available statistics

General
Information

Save and recall

Environment

Mean, Minimum, Maximum, Standard Deviation

Number of measurements 2 to 1,000,000.

Statistics may be collected on all measurements
or on only those which are between the limit
bands. When the limits function is used in
conjunction with statistics, N (number of
measurements) refers to the number of in-limit
measurements. In general, measurement
resolution will improve in proportion to N,

up to the numerical processing limits of

the instrument.

Measurements

Statistics may be collected for all measurements
except peak volts and totalize.

Up to 20 complete instrument setups may
be saved and recalled later. These setups
are retained when power is removed from

the counter.

Rack dimensions (HxWxD)

88.5 mm x 212.6 mm x 348.3 mm

Weight

3.5 kg maximum

Warranty

0°C to 55°C operating
—40°C to 71°C storage

Remote Interface

GPIB (IEEE 488.1-1987,
IEEE 488.2-1987)

Remote programming language
SCPI-1992.0 (Standard Commands

for Programmable Instruments)

Safety

1 year

Power supply

100 to 120 VAC + 10% -50, 60 or
400 Hz + 10% 220 to 240 VAC
+ 10% -50 or 60 Hz + 10%

ac Line selection

Designed in compliance with IEC-1010,
UL-3111-1 (draft), CAN/CSA 1010.1

EMC

CISPR-11, EN50082-1,
IEC 801-2, -3, -4

Radiated immunity testing

Automatic

Power requirements

170 VA maximum (30 W typical)

1

When the product is operated at maximum
sensitivity (20 mVrms) and tested at 3 V/m
according to IEC 801-3, external 100 to 200 MHz
electric fields may cause frequency miscounts.



Ordering

Information
53131A Other options
10 digit/s, 500 ps universal counter Opt. 001 Medium-stability timebase
Opt. 010 High-stability timebase
53132A Opt. 012 Ultra-high stability timebase
- (53132A only)
12 digit/s, 150 ps universal counter
Opt. 015 1.5 GHz RF input Ch 2
for 53181A only
53181A Opt. 030 3 GHz RFinput Ch 3
10-digit/s RF counter (Ch2 an 341514)
Opt. 050 5 GHz RF input
L with type N connector
Accessories included Ch 3 (Ch 2 on 53181A)
Each counter comes with IntuiLink software, Opt. 124 12.4 GHz RF input
standard timebase, and power cord. CD with with type N connector
the following: IntuiLink software, Operating, Ch 3 (Ch 2 on 53181A)
Programming, Service and Getting Started Opt. 060  Rear-panel connectors®
Guides, a data sheet, and application notes. \ W=
Opt. A6J  ANSI Z540 compliant calibration

Manual options

(please specify one when ordering)

ABA US English
ABD German

ABE Spanish

ABF French

ABJ Japanese

ABZ Italian

ABO Taiwan Chinese
AB1 Korean

AB2 Chinese

12

*0pt 060 configuration table

53131A/132A

Ch1 & Ch2 front & rear (in parallel)

Ch3 Opt. 030 rear only, front plugged
Ch3 Opt. 050/124 front only

Ch2 Opt. 060/124 front only

53181

Chi front & rear (in parallel)

Ch2 Opt. 0157030 rear only, front plugged
Ch2 Opt. 050/124 front only

Accessories

34131A
34161A
34190A

3419NA

34194A

Hard carrying case

Accessory pouch

Rackmount kit: designed for use
with only one instrument, mounted

on either the left or the right side of

the rack.

2U dual flange kit: secures the
instrument to the front of the
rack. This kit can be used with the
34194A dual lock link kit to mount
two half-width, 2U height instru-
ments side-by side.

Dual lock link kit: recommended
for side-by-side combinations and

includes links for instruments of dif-

ferent depths. This kit can be used
with the 34191A 2U dual flange kit

to mount two half-width, 2U height

instruments side-by-side.

kr e 3740 mm ———-
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Agilent Email Updates

www.agilent.com/find/emailupdates
Get the latest information on the
products and applications you select.
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www.axiestandard.org
AdvancedTCA® Extensions for
Instrumentation and Test (AXle) is
an open standard that extends the
AdvancedTCA for general purpose
and semiconductor tost. Agilent

is a founding member of the AXle
consortium.
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www.Ixistandard.org

LAN eXtensions for Instruments
puts the power of Ethernet and

the Web inside your test systems.
Agilent is a founding member of the
LXI consortium.
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www.pXisa.org

PCI eXtensions for Instrumentation
(PX1) modular instrumentation
delivers a rugged, PC-based high-
performance measurement and
automation system.

Agilent Channel Partners

www.agilent.com/find/channelpartners
Get the best of both worlds: Agilent’s
measurement expertise and product
breadth, combined with channel
partner convenience.

%
Padg

3
R
&
K

www.agilent.com
www.agilent.com/find/counters

For more information on Agilent
Technologies’ products, applications or
services, please contact your local Agilent
office. The complete list is available at:

www.agilent.com/find/contactus

Americas

Canada (877) 894 4414
Brazil (11) 4197 3500
Mexico 01800 5064 800
United States (800) 829 4444
Asia Pacific

Australia 1 800 629 485
China 800810 0189
Hong Kong 800 938 693
India 1800112 929
Japan 0120 (421) 345
Korea 080 769 0800
Malaysia 1 800 888 848
Singapore 1 800 375 8100
Taiwan 0800 047 866

Other AP Countries (65) 375 8100

Europe & Middle East

Belgium 32 (0) 2 404 93 40
Denmark 4570131515
Finland 358 (0) 10 855 2100
France 0825 010 700"
*0.125 €/minute
Germany 49 (0) 7031 464 6333
Ireland 1890 924 204
Israel 972-3-9288-504/544
Italy 39 02 92 60 8484
Netherlands 31 (0) 20 547 2111
Spain 34 (91) 631 3300
Sweden 0200-88 22 55

United Kingdom 44 (0) 131 452 0200
For other unlisted countries:

www.agilent.com/find/contactus
Revised: June 8, 2011

Product specifications and descriptions
in this document subject to change
without notice.
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